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5 SECRET

FOREWORD

he purpose of this handbook is to set forth, in a concise
and simple manner, criteria for estimating the effects of atomic
weapons for use by the Services. It is designed to serve as a handy
reference to aid Field Commanders and their staffs in determining
the capabilities and effects of atomic weapuns in respect to specific
targets,

The scope of this handbook includes thermal and nuclear radiation
and blast effects of atomic weapons on items of military interest such
as structures, materiel and personnel, These effects are analyzed
with respect to Air, Surface, Underground, and Underwater Bursts,
Sufficient information is presented to allow Field Commanders to d
determine the best type of Weapon and Burst to be employed to obtain !
maximum desired eftects on various types of targets,

Part T of this handbook deals with physical effectd, and Part \
IT with criteria, ' {

The material and estimates presented in this handbook were compiled
by the Weapons Effeéts Division of the AFSWP, and are based on the best
information available to-date. As research progresses and more full

scale tests are conducted, knowledge of effects of atomic weapons will 1

increase and the handbook will be revised. In the meantime, however, 1

this handbook can be msed for arriving a%t a reasonable estimeste of the {

effects of atomic weapons, 1
The information presented herein, pertaining to the air burst, is
X
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based on a considerable amount of data from atomic explosions and
research, both theoretical and experimental. The data presented on the
Underwater Burst is based on one atomic explosion and some theoretical
and experimental research, However, the information presented on the
surface and underground bursts is based entirely on relatively small
scale charges of TNT, It can be expected that the reliability of thr-e
data is proportional to the number of times they have becn verir <d

experimentally by the detonation of an atomic weapon.

«
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CHAPTER I

GENERAL INTRODUCTION

l.1 Explosion of an atomic fission bomb,

An explosion is, for practical purposes, a sudden liberition of
energy in a relatively small space., The fission of 2.2 pounds of
Uranium or Plutonium will result in the conversion of only one gram
(4035 ounces) of matter into energy. his svdden conversion of one
gram of matter into energy is equivalent to the energy released by the
explosion of 20,000 tons of TNT, In the detonation of an A~Bomb,
approximately 90% of the energy is released imrmediately and 104 re-
leased later by the radicactive decay of the fission fragments. The
energy distribution depends on the type of burst (Air, Surface, Underground,
or Underwater Burst).

1,2 Nominal Bomb.

A nominal fission bomb is defined as a bomb whose energy'release
is equivalent to that of 20,000 tons of TNT, This is commonly referred
to as a 20 KT bomb, or a bomb whose yield is 20 KT. Since this bomb
is approximately equal to those used at Hiroshima, Nagasaki, and the
Bikini tests, the effects of :.mbs of other yields have been scaled
from data available from these bursts wherever possible, Furthermore,
all of the physical effects described herein refar to the explosion of
a single bomb, It has been predicted that if two fission bombs were

burst in the same vicinity within a short time (1~-10 minutes), various

-l -
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losses in yield are possible depending on the type of weapon, and the
time and distance between detonations,

1.3 Types of Bursts,

The position at which a bomb is burst, withrespect to the earth's
surface, determines in a great measure the relative magnitudes of the
various physical e ffects, It is possible to distinguish four tvpes
of bursts as indicated above, For purposes of this handbook these
are definedas:

as  Air Burst : height of burst, 500 feet or greater,

b,  Surface Burst : height of burst, 50 feet or less,

Ce Underground Burst : depth of burst, 50 feet or greater,

d,  Underwater Burst : depth of burst, 50 feet or greater,
These limits arc established for the purposes of presentalion, It can
be expected that weapons burst in between the limits set above will
exhibit characteristics of both limiting conditions. FPFurther, the
above limits apply tc a nominal bomb., To be precise, for bombs of
other yields, limiting heights and depths should be scaled in accor=

dance with the cube root law presented hereafter.
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CHAPTER IT

THE AIR BURST

2.1 Brief Description of an Air Burst,

2,11  The detonation of a 20 KT bomb is first observed as a flash of
light which becomes an expanding fireball.. When the fireball has

grown to L5 feet in diameter, it exists as a ball of hot gases at
approximately 300,000 degrees centigrade and at hundreds of thousands
of pounds per sauare inch overpressure (pressure in excess of atmos-
pheric), The fireball expands rapidly to a maximum radius of 450

feets During this expansion a "skin" of compressed air called the
shock front, is formed on the surface of the fireball. The shock front
detaches itself from the fireball during its expansion and proceeds
outward radially at very great speed, gradually slowing to the velocity
of sound as the pressure in the front diminishes,

2,12 A short time after the shock front has detached itself from the
fireball aknegative pressure (below atmospheric) is formed behind the
shock front, Under certain atmospheric conditions (high relative
humidity) what is known as a Wilson cloud appears. This cloud is caused
by the condensation of water vapor in the atmosphere due to the drop in
temperature that accompanies the negative pressure phase, It has been
estimated that the relativc humidity must be 60% or greater for the
formation of the Wilson cloud,

2,13  Because of its high temperature and low density, the ball of

-3 -
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fire rises, As it rises it cools, allowing the vaporized particles
of the bomb and its casing and other constituents of the gas bubble
to condense, thus forming water droplets and solid particles. This
highly radioactive smoke is carried into the upper atmosphere where
it is diluted and scattered by the winds.

2.2 Energz Distribution.

The partition of energy for an air burst is as follows:

Air Blast 55%

Thermal Radiation 30%

Nuclear Radiation 15%
Instantaneous Gammas 5%

and Neutrons
Residual Contamination 10%
It should be noted that the partition of energy is not a direct
measure of the relative magnitude of the effects of blast and thermal
and ionizing radiation.

2,3 Blast Effects,

2,31 The Shock Wave ¢

As explained above, the expansion of the hot gases produced
by the explosion causes the formation of a shock wave., The shock wave
is characterized by an instantansous rise in pressure called the shock
front, after which the pressure decreases to atmospheric in approximately
0.5-1,0 seconds, This is called the positive pressure phase. The pressure
continues to fall gradually to & minimum andr eturns to atmospheric in
2.5-5,5 seconds, This phase is known as the negative pressure phase,

The decrease in pressure in the negative phase is always small compared

- -
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to the increase in pressure in the positive phase, During the positive
pressure phase there is an associated wind moving in the same direction
as the shock front. This wind decays to zero welocity and reverses
its direction during the negative pressure phase, This phenomena is
shown graphically in Figure 2,31,
2,32 Peak Overpressure vs, Distance, Scaling.

ae In the atmosphere, in the absence of reflecting surfaces,
(Free Air), the peak pressure decreases rapidly as the shock front.is
propzgated, The distance from an explosion at which a given peak
overpressure will be experienced in free air has been found to be
proportional to the cube root of the energy yield of the bomb. This

scaling is shown in equation (2,1) below:

(2,1)
di —pw,\ 4 '
— - =4 \3 : at same peak overpressure ‘
de Wa
where: \
W is bomb yield {
d is th: distance from the bomb.
Example:
Given: 20 KT bomb produces an ove.pressure of 7 pounds 1
per square inch (psi) at a distance of 3,500 feet, |
Find: Distance at which a 100 KT bomb produces the same

overpressure (7 psi).

— e il

W
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Solution: A/, = 20kKT , Wz':-/OOKT, dl"\?fao

. 3500 - (20
o2 /00

dz2 = 3500 (5) %

(5)% = 17

From the cube root curve in Appendix A,
®

. des= 6000 St ans

Alternate Solution:

Figure 2.,32a shows the overpressures vs distances
for various KT yields in free air, Therefore, the

answer to this problem can be obtained directly from

this figure by finding the intersection ot 7 psi ~ f
with the 100 KT curve. .
be The duration of the positive pressure phase at any given
] _ overpressure has also been found to be proportional to the cube root \

of the bomb yieid, This scaling is shown in equation (2,2) below:

(2.2)
o\ %
il A4 45 : at the same overpressure
LY Wa
where t is the duration of the positive pressure phase. ‘ 1
Example 1
Given: The duration of the positive pressure phase, ) ‘
in free air, from a 20 KT bomb at a given 1

-6 -
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overpressure is 0.7 seconds, at L,000
feet from the bomb, Sece Figure 2.32b.
Find: 1~ The duration of the positive pressure phase,
at the same overpressure, from a 160 KT bomba
2- The range at which this duration is experienced.

Solution:

1- 07 _/io % ; ty=0.7(8)"%

. . = /4 sec ond

L, @2 = 8000 ST Ave

Ce Figure 2.32c shows the time of arrival of the shock wave vs

distance for a 20 KT bomb in a homogeneous atmosphere with no wind,
The difference in time of arrival, at ranges beyond 2,000 fecet, for
yields between 1 KT to 200 KT is insignificant,
2.33 Mach Front :

The stronger the shock wave and the hotter the medium, the

faster the shock wave will travel. Moreover, it heats the air through

which it travels. When the shock wave in the air strikes a much denser

medium, such as the earth's surface, it is reflected with a resulting
increase in pressure. Since the reflected wave is stronger and since
it travels through air precheated by the incident wave, it will travel
faster than the incident wave. At some angle of incidence, depending

on the strength of the shock (L5° for an overpressure of 15 psi in the

-7 -
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incident shock front) a Mach front will be formed, This front is caused
by the reflected wave, which is traveling faster; riding up on the in-
cident wave to form a common reinforced front, The Mach front extends
from the point of intersection of the incident and reflected waves to
the plane surface below, The point of intersection of the incident
front; the reflected front, and the Mach front is called the triple
point. As the shock is propagated along the plane surface, the triple
point rises because of the difference in the velocities of the incident
and reflected waves, previously explained, - .Figure No. 2,33 shows the
incident wave, the reflected wave, the merger of these two waves into
the Mach wave, (or !ach Front) and the path of the triple point,
2.3L Optimum Height of Burst @

a. Since thereflected pressure at the surface and the formation
of the llach Front are dependent upon the strength of the incident
shock and the angle of incidence, the height at which the bomb is
burst is critical, There is a calculated height of burst which will
maximize the a rea over which a given peak overpressure is obtained,
The bombs which were dropped at Nagasaki and Hiroshima were burst at
approximately 2,000 feet, which maximized the area subjected to a peak
overpressure of 20 psi, Figure No., 2,3La shows the variation in overe
pressure at the surface of the earth at various distances from ground
zero for three different heights of burst of a nominal 20 ¥T bomb,

b. The peak overpressure nccessary for destruction depends
on the type of target that is to bc destroyed, Therefore, by calculate

ing the height of burst that will give the largest area over which a

-8 -
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